The vector autoregressive (VAR) modelling technique is used to forecast tourist flows to Macau from eight major origin countries/regions over the period 2003 to 2008. The existing literature shows that the VAR model is capable of producing accurate medium to long term forecasts, and also separate forecasts of the explanatory variables are not required. A further justification for using the VAR technique is that it permits an impulse response analysis to be performed in order to examine the ways in which the demand for Macau tourism responds to the 'shocks' in the economic variables within the VAR system. The implications of this analysis are discussed. The forecasts generated by the VAR models suggest that Macau will face increasing tourism demand by residents from mainland China. Since the needs of Chinese tourists tend to be different from those from other origin countries/regions, especially Western countries, the business sectors in Macau need to pay considerable attention to catering for the needs of Chinese tourists.
were among the first few authors who applied the cointegration and error correction techniques to tourism forecasting. The monograph by Song and Witt (2000) was the first book that systematically introduced a number of modern econometric techniques to tourism demand analysis. Over the last few years there has been a surge in the application of modern econometric approaches to tourism demand modelling and forecasting. Such studies include De Mello et al (2002) , Dritsakis (2003) , Huybers (2003) , Kulendran and Witt (2001, 2003) , Lim and McAleer (2001, 2002) , Morley (2000) , Papatheodorou (2001) , Song et al (2000 , 2003a , b), and Webber (2001 .
Total tourist arrivals is the most frequently used measure of tourism demand, followed by tourist expenditure. In his literature survey, Li (2004) pointed out that amongst the 45 selected studies published since 1990, 37 of them used tourist arrivals as the dependent variable while only 6 employed tourist expenditure as the dependent variable.
Lim (1997) argued that discretionary income, defined as the income remaining after spending on necessities in the country of origin, should be used as the appropriate measure of income in the demand model. However, this is a subjective variable and the data cannot be easily obtained in practice. Therefore, alternative measures of income have to be used as a proxy for tourists' discretionary income.
Among these alternatives, real personal disposable income (PDI) is the best proxy to be included in the demand models that relate to holiday or visiting friends and relatives (VFR) travel (Kulendran and Witt, 2001; Song et al, 2000; Syriopoulos, 1995) . National disposable income (NDI), gross domestic product (GDP), gross national product (GNP), and gross national income (GNI), all in real terms, have also been used in many of the empirical studies. These variables are more suitable for the study of business travel or the combination of business and leisure travel when these two types of data are not separable (Song and Witt, 2000) . Other possible proxies include real private consumption expenditure (Song et al, 2003b) and the industrial production index (González and Moral, 1995) . Although most studies have found that income is the most important factor that influences the demand for international tourism, this finding has not always been conclusive. For example, the income variable was found to be insignificant in some of the error correction models in Kulendran and King (1997) , Kim and Song (1998), and Song et al (2003b) , and the insignificant income variable tends to be associated with the models related to the demand for international tourism by residents from Japan and Germany. One possible reason is that there are measurement errors in the data, and this is particularly true for the German income data as a result of reunification.
The own price of tourism is another variable that has been found to have an important role to play in determining the demand for international tourism. In theory this variable should contain two components: the cost of living for tourists at the destination and the travel cost to the destination. However, due to difficulties in obtaining data, travel costs have been omitted in most of the studies with Witt and Witt (1991,1992) , Dritsakis (2003) and Lim and McAleer (2001, 2002) being some of the exceptions. The cost of living in the destination is normally measured by the destination consumer price index (CPI) relative to the origin CPI. Another factor that contributes to the cost of living in the destination is the exchange rate between the origin country and destination country currencies, as a higher exchange rate in favour of the origin country's currency would result in more tourists visiting the destination from that origin country. Qiu and Zhang (1995) and Witt and Witt (1992) used the exchange rate between the destination and origin as well as a separate CPI variable to account for the cost of tourism, while the majority of the published studies, especially the most recent ones, have employed an exchange rate adjusted relative price index between the destination and origin as the own price variable.
In addition to the relative price between the destination and origin, substitute prices in alternative destinations have also proved to be important determinants in some studies. There are two forms of substitute prices that have been used: one allows for the substitution between the destination and a number of competing destinations separately (Kim and Song, 1998, and Song et al, 2000) , and the other calculates the cost of tourism in the destination under consideration relative to a weighted average cost of living in various competing destinations, and this index is also adjusted by relevant exchange rates. The weight is the relative market share (arrivals or expenditures) of each competing destination (Song and Witt, 2003) . The second form is used more often in empirical studies, as fewer variables are incorporated in the model and so more degrees of freedom are available for model estimation.
Marketing is also potentially an important factor that influences tourism demand.
The inclusion of this variable in the demand model with micro data is expected to generate significant results. However, in macro studies, the unavailability of marketing expenditure data across different origin countries has constrained its inclusion in demand models. A few studies have incorporated this variable in their demand analyses (Crouch et al,1992 , Ledesma-Rodriguez et al, 2001 and Witt and Martin, 1987 .
In the studies by Lim and McAleer (2001, 2002) , Kulendran and King (1997 ), and Song et al (2000 , 2003a , the lagged dependent variable has been found to be an important factor that influences the demand for tourism, and its statistical significance suggests that consumer habitual behaviour and 'word-of-mouth' effects should be properly considered in demand forecasting models. The exclusion of this variable in the modelling process can result in unreliable forecasts.
In order to account for the impacts of one-off events and tourists' taste changes on the demand for tourism, dummy and time trend variables have been used in some of the studies. As far as one-off events are concerned, the impacts of the two oil crises in the 1970s are examined in most of the empirical studies, as well as the Gulf War in the early 1990s, and the global economic recession in the mid 1980s. Other regional events and origin/destination-specific events have also been included in some of the studies covering areas that have been affected. As for the trend variable, a deterministic linear trend has been used in some of the studies, especially in the studies prior to the 1990s. Twenty five out of 100 papers reviewed in Lim (1997) incorporated the trend variable in the model specification. However, the time trend tends to be highly correlated with the income variable and this can cause serious multicollinearity problems in model estimation. As a result most of the recent studies have avoided including the deterministic trend in the model specification. Li (2004) discovered that in the 45 selected papers published after 1990, only 6 of them considered this variable in the model specification.
The main focus so far has been on single equation tourism demand models in which an endogenous tourism demand variable is related to a number of exogenous variables. The single equation approach depends heavily on the assumption that the explanatory variables are exogenous. If this assumption is violated, a researcher would have to model the economic relationships using a system of simultaneous equations method. The popularity of simultaneous equations approaches dates back to the 1950s and 1960s within the context of structural macroeconomic models which were used for policy simulation and forecasting. In estimating these structural models, restrictions were often imposed in order to obtain identified equations. Sims (1980) argued that many of the restrictions imposed on the parameters in the structural equations were 'incredible' relative to the data generating process, and hence he suggested that it would be better to use models that do not depend on the imposition of incorrect prior information. Following this argument, Sims developed a vector autoregressive (VAR) model in which all the variables apart from the deterministic variables such as trend, intercept and dummy variables, are modelled purely as dynamic processes, that is, the VAR model treats all variables as endogenous.
More importantly, the VAR technique has been closely associated with some of the recent developments in multivariate cointegration analysis, such as the Johansen (1988) 
Forecasting Methodology

The Model
In this paper the VAR model is used to forecast the demand for Macau tourism by tourists from eight major origin countries/regions. These eight origins comprise:
China, Hong Kong, Taiwan, Japan, Korea, Philippines, UK and USA. Tourist arrivals from these eight countries/regions accounted for 98 percent of the total arrivals to Macau and the arrivals data were collected by nationality because no consistent data by residency was available. One reason why this approach is selected is that it has been shown in empirical studies that the VAR model can generate relatively accurate medium and long term forecasts of tourism demand (Witt et al 2003 and 2004) .
Another advantage of this approach is that the VAR model does not require the generation of forecasts for the explanatory variables before the forecasts of the dependent variable can be obtained. In addition, an impulse response analysis can be carried out, which can provide useful information for policymaking purposes.
As mentioned earlier, tourism demand in this project is measured by tourist arrivals from the major origin countries/regions. The economic conditions that are relevant for holiday visits include tourism prices in Macau, the availability of and tourism prices for competing (substitute) destinations, and incomes of tourists in their home countries/regions. The lagged dependent variable that reflects word-of-mouth effects and consumer habit persistence is automatically included in the VAR specification. Marketing may be another useful variable to predict tourism demand, but due to data unavailability this variable was excluded from our study.
The tourism demand function takes the form
where Q i is the quantity of the tourism product demanded in Macau by tourists from country/region i; Equation (1) is a theoretical model of tourism demand, which is simply a statement that indicates that there is a relationship between the variables under consideration.
However, in practice, we need to specify the mathematical form of the tourism demand function. In this study, the tourism demand model is specified as a log-log demand function, in common with most previous tourism demand models. , 1997 , Song, et al, 2000 , Song and Witt, 2000 , Witt and Witt, 1992 , Song, et al, 2003a 
For illustration purpose, we assume the lag length is 1, then Equation (2) becomes
The intercept vector in (2) and (2a) 
Forecasting
It is straightforward to generate the forecasts for all the exogenous variables in the VAR framework, as all explanatory variables are pre-determined. Π , the forecasts can be generated by taking the conditional expectation of , that is .
The forecasting error is In the same way, two-periods-ahead forecasts can be generated from Y , and the forecasting error now becomes . More generally, the n-periods-ahead forecast is:
In fact the forecasts can also be generated from the VMA process of (3). From Equation (4), we have: 
In this study both the impulse response analysis and the forecasting exercise were conducted using Econometric Views (E-Views) 4.0, an econometric forecasting software program.
Empirical Results
The VAR model was estimated for each of the origin countries/regions over the period 1993 Quarter 1-2003 Quarter 2. In estimating the VAR models a number of dummy variables were also included to capture the influences of seasonality and oneoff events. These one-off event dummies include the opening of the new Macau International Airport in 1995, which is thought to have had an important influence on the long-haul and Taiwanese markets, a dummy to account for the SARS epidemic in early 2003, a 1997 financial crisis dummy, a hand-over dummy to reflect the effect of the handover of Macau to China and seasonal dummies to reflect the seasonality in the data. The independent travelling policy for the residents in China introduced in September 2003 was not considered due to insufficient information being available to the researchers at the time. However, this effect will be looked at when more data become available in the near future.
The estimation of the VAR models for each origin country/region generated a large number of parameters, as 32 equations (four equations for each origin) were estimated in total. Although there are four equations in each of the eight VAR models, interest centres on the ones where the demand for tourism is the dependent variable. The estimation results of the VAR models are omitted as the focus of this paper is on forecasting. However, the diagnostic statistics for each of the tourism dema d equations are provided in Table 1. sert Table 1 here rried out based on these eight tourism demand quations (one for each origin).
shocks in the other ariables. Similar results were also found in all the other models.
rices is positive and the influence of the shock also tends to last about four years. (Hamilton, 1994, p 322) . Figures 1 and 2 show the ways in which tourism demand responds to the shocks occurring in each of the variables including the tourism demand variable itself over a 16 quarters (four years) period. In the case of Korea, a shock in the demand variable itself (see the top left panel in Figure 1 ) will have a relatively larger impact on the current level of tourism demand and this impact will gradually die off and disappear after 12 periods (three years). The top right panel of Figure 1 shows that tourism demand responds positively to the shock in GDP and the momentum of this impact takes about four years to disappear, suggesting that GDP is an important factor that influences the demand for tourism. The shock in own price has a negative impact on demand and the impact of the shock lasts for about four years before dying off, while the response of demand to the shock in substitute p The conclusions are more or less the same for the Hong Kong VAR model with the one exception that the response of the dependent variable to the shock in the own price variable appears to have the 'wrong' sign. However, the magnitude of the response of the demand variable to the shock in the own price variable is relatively all, suggesting a negligible impact.
ert Figures 1 and 2 here fore it com letely disappears (with reference to the top right panel in Figure 2 ). recasts of tourist arrivals from all eight origin countries/regions are given in Table 2.   sert Figures 3-5 here   sert Table 2 here sm
Ins
The implication of the impulse response analysis is that the tourism authority in Macau needs to realise that the influence of any shocks in the economic variables in the VAR system tend to last for about three to four years, although the magnitudes of these impacts are likely to be fairly small. For example, it is known that the SARS epidemic in early 2003 had a very large negative impact on tourist arrivals from Hong Kong to Macau. If we treat the influence of SARS as a shock to the demand variable, the impact of this shock tends to have a relatively large impact on the demand for tourism within four quarters since the shock first started and a recovery will occur from quarter 6 onwards, but the impact is likely to last for about four years be The forecasts presented are the baseline forecasts generated by the VAR models.
No adjustments have been made to the forecasts. In particular, the forecasts of tourist arrivals in Macau from China have not been modified to reflect the introduction of the individual traveller scheme. It is as yet too early to judge the impact of the scheme.
To some extent those visitors coming to Macau as individual travellers are replacing those coming on group tours, and to some extent they represent an extra source of tourists. But tourist arrival numbers from China have been rising rapidly recently in response to strong economic growth and a general lessening of travel restrictions, and e individual traveller scheme may well be merely a continuation of this general
As a result it may not be necessary to adjust the forecasts. 2007 is 17.9 million.
Summary and Concluding Remarks
This study forecasts tourist flows to Macau from the eight major tourism origin countries/regions, namely, China, Hong Kong, Taiwan, Japan, Korea, Philippines, UK and USA. The forecasting model is selected based on a review of recent published studies in the area of tourism forecasting. According to the published studies, the VAR model is capable of producing accurate medium to long term tourism forecasts. The use of VAR in forecasting tourism demand also has the following two conceptual advantages. First, the VAR modelling approach is a theory based approach. Therefore, it permits policy simulation via the impulse response analysis. Secondly, the VAR approach is a system approach, which relaxes the exogenous assumption of the explanatory variables. Since each of the variables in the system is treated as endogenous, the modelling procedure is simplified considerably.
In 
